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
quareandcircularstructureelementsarepresented,whichareusedtoimagedenoisingandgranularitydetection.
Thedifferentdenoisingeffectsbyusingthetwostructureelementsweregotten.Moreover,givenonlyonekindof
structureelements,wechangedthesizeofthestructureelement,then，thedifferenceofdenoisingeffectsisvery
apparent. It iscomparedwith thedetection inonedimensionaldirection.The rangeofdetectedgranules’ sizeand
shape can be expanded by using two dimensional structure elements. Meanwhile, the use of mathematical
morphology to a certain extent overcomes the interference of noise. Taking one parasite egg micro image as a
simulation example， experimental results show that the image granularities, that we detected by using different
structure elements, have great difference, and twodimensional detection is better than onedimensional direction
detection.
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Mathematicalmorphology,asakindofusefultoolstoanalysisanddescribetheshapeandstructure
ofcertainobjects,isusedtoextracttheusefulcomponentsintheimage,Itsappliedrangeincludesimage
filtering, image segmentation, image measurement, area filling and so on [1]. By the imagical
morphology,theextractedcorrelativestructuresofanimagemayberegardedasasetbythesubimage
expression.Wemaymakeuseofanothersetcalledstructureelement(s.e.)withknownshape,tocarryout
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probing on the image. It can be seen that selecting structure element plays a key role. The structure
elementswithdifferentsizesandshapeswillaffect theprobingeffects. In the imagedenoisingaspect,
wecangetfairlygoodeffectbyapplyingthegraymorphology,havingthecharacteristicsofnonlinearity
andparallelism[1].
Inthispapertwokindsoftwodimensionalstructureelementsarepresentedtodealingwiththegray
image containing noises. After that, we make use of the two kinds of structure elements to carry out
imagegranularitydetecting.Undercertaincondition,thegranularitydistributionfunctionofanimagecan
bedescribed[2].Comparedwithonedimensionalstructureelement,thetwokindsofstructureelements
haveexpandedthesizeandshapeofthedetectedgranule.

Thebasicoperationsofmathematicalmorphologyhavedilation,erosion,openingandclosing.Based
onthetypeofthepreparedimageandrequirement,themathematicalmorphologycanalsobedividedinto
the binary morphology，  gray morphology and color morphology. The basic operations in gray
morphologyareintroducedasfollowings[3].
2.1.DilationandErosion
Assumingthatf(x,y)expressesinputimage,b(x,y)standsforstructureelement.Df and Dbarethe
definitiondomainof image f (x,y) and structure elementb (x,y) respectively.The expressionof gray
dilationis 
}),(;)(),(|),(),(max{),( bf DyxDytxsyxbytxsftsbf ∈∈−−−−−=⊕ ）（              (1) 
Theexpressionofgrayerosionis 
}),(;)(),(|),(),(min{),( bf DyxDytxsyxbytxsftsbf ∈∈++−++=Θ ）（            (2) 
2.2.OpeningandClosingOperations
Theopeningandclosingoperationsofgrayimagehavetheidenticalformwiththecorresponding
operationsofbinaryimage.
Openingoperationcarriesoutsimplecorrosiononimagefwiths.e.b,andthencarriesoutdilation
operationonpreviousresultwiththeb.Butclosingoperationisrightoppositewithopeningoperation.It
carriesoutsimpledilationonimagefwiths.e.b,andthencarriesouterosionoperationonpreviousresult
withs.e.b.
Theexpressionofopeningoperationis: 
bbfbf ⊕Θ= )(                  (3)
Theexpressionofclosingoperationis:
bbfbf Θ⊕=• )(                  (4) 
Openingoperationisoftenusedtoremovelessbrightdetailrelativetothesizeofstructureelements,
and keep relatively the whole gray level and bright largearea invariable at the same time. Closed
operationisoftenusedtoremovedarkdetailpartintheimage,buttokeeprelativelythebrightpartnot
beingaffected.
2.3.tophatandbothattransform
We can get some important markers in the image by using the two kinds of transforming. For
example,wecangetdarkpixelsfrombrighterbackground,andbrightpixelsfromdarkerbackground.
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Theexpressionoftophattransformis: 
),)((),(),( yxbfyxfyxftop −= (5)
Theexpressionoftophattransformis: 
),(),)((),( yxfyxbfyxfbot −•= (6)
2.4.SelectingStructureElements
Mathematicalmorphologymainlyusesthestructureelementstodosomeoperations(suchasshift,
combination, crossing, and so on) on the original image, then, output the processed image. The basic
thoughtisshownasfollowingfigure.





Figure1. Thebasicp98rocessofmorphologicalanalysis
The function of structure element in morphology is similar to the “filtering window” in signal
processing.Itsshapeandsizewillaffect theoutputresultofimagefilteringdirectly[4].Theshapeand
sizeofstructureelementmustbesuitable forthegeometrycharacteristicofanalyzedobject image.For
example,structureelementwithlinearityisfittoextractthelinearobject.
In this paper,we chose two kindsof structure elements: square and circular structure element, as
showninFigure1.Where， the radiusof the squarestructureelementexpressesas thedistanceof the
centerpointinsquaretoeveryside.Throughsomepreprocessingsimulations,wefirstmadefilteringon
theimagebeforedetectingimagegranularity.
                                                                                                          
      
(a)Squares.e.(b)Circulars.e
Figure2. Twostructureelements.(r=3)

3.1.PrinciplesofDenoisingbyUsingMorphology
Imagesenoisingisafundamentallinkinimagepreprocessing.Itremovesinterferenceinimageto
extractusefulinformationincomplicatedimage.Althoughaseriesoftraditionalfilteringmethodscanget
good effect on denoising, some useful image information will lose simultaneously. For instance, the
imageborderwillbeblurredaccompaniedbydenosing.Denoisingbasedonmorphology[5]uses the
Original
Image
Output
Image
SetOperation
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structureelement tohandle the image, toextractuseful informationand reserve theborder information
well.
Gray morphology is, in the aspect of eliminating noise, similar to binary morphology [6], but it
handlesgrayimage.Thereforeithastheuniquecharacteristic. 
Thealgorithminthispapermainlyconsistsofseveralsimplesteps,asfollowing:(1)readinimage,
change color image intogray image; (2) addnoisewithpepper and salt; (3) choose the right structure
element;(4)carryoutopeningoperationontheimagewithnoise;(5)carryoutclosingoperationonthe
image.Thenwecaneliminatebrightanddarkspotsinimage,namelyfilteringcorrespondingnoise. 
3.2.SimulationResultsforDenosing
We tookoneparasite eggmicro image as a simulation example.Theoriginal image is a common
colorimage,andwechangeditintograyimagefirstly(Figure3).Thenadoptsquare(sizeis3×3)and
circularstructureelement(radiusis3)todenoiserespectively.Simulationresultsareshownasfollowing
figures. 
 
Figure3. Originalgrayimage
 
Figure4. Imagewithnoise
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Figure5. Denoisedimagebyselectingsquarestructureelement(3×3)
 
Figure6. Denoisedimagebyselectingroundstructureelement(r=3) 
 
Figure7. Denoisedimagebyselectingsquarestructureelement(4×4)
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Figure8. Denoisedimagebyselectingroundstructureelement(r=4) 
Among the simulation results,Figure4hasaddednoisewithpepperandsalt.Figure5haschosen
square structure element to do filtering, Figure 6 has chosen circular structure element. Through
comparingthetwofigures,wecanseethatselectingstructureelementfinallyproducesgreateffectonde
noising. Figure 5 has eliminated noise well, having also reserved the original image information
meanwhile.Thenoise is also restrained inFigure6,butoriginal imageborderhasbeenblurred. Ithas
changed original image’s characteristic obviously, affecting extracting useful information further.
ComparingFigure5withFigure7(orFigure6withFigure8),weknowthat givenonlyonekindof
structureelements, if thesizegets larger, thedenoisingeffectwillgetworse.Throughcalculating the
meansquaredeviation,wegetδ1=51.4522(Figure3).δ2=51.0084(Figure5),δ3=50.4949(Figure6).It’s
obviousthatthemeansquaredeviationofdenoisedimageislessthanoriginalimage,andthefluctuation
ofimagedatagetsless.
Themethod in this paperproduces extraordinarygreat effect on restrainingnoisewithpepper and
salt.Onantherhand,itwasmadetruethatopeningandclosingoperationscaneliminatebrightanddark
spotsinimagewithgoodeffect. 

After preprocessing, we can extract corresponding characteristic information in image. Here we
mainly detect image granularity by using “probe” structure element to carry through morphology
operationwithimage.Onthebasicofapplyingonedimensionals.e.,twodimensionalstructureelement
isexpandedtodetectobjects.
Whenwestudythecharacteristicofimagegranuledistribution,firstlyweneeddetectthosegranules
withpracticalsignificancefromanimage,andeliminatethenoise.GivenatestImage,weneedtoselect
rightstructureelement,thentheoriginalimageiserodedanddilated,whichisequivalenttocompleting
opening operation on the original image. Some less noise spots are reduced. Therefore, as long as
choosingappropriate structureelementanddoingopeningoperationon the image,we coulddetect the
granulesinimage[7].
Weusegranuledistributionfunctiontodescribeimagegranularity.Thedistributionfunctionisgiven
asfollowingdefinition.
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Where, representstheoriginal image, representsstructureelementwithradius1,λ represents
radius,○λexpresses thereservedgranules in the imagewhichcompleteopeningoperationbyusing
λ,(○λ)istheareaofthesegranules.(○(λ+1))expressestheareaofremaininggranulesinthe
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imagewhich complete opening operation by using (λ+1). It is easy to see that ifλ gets bigger; the
reservedgranulesinimagewillgetless.Ifallthegranulesarebigger,thereservedgranuleswillgetmore,
andtheimagegranularitywillgetbigger. 

Westilltooktheparasitegrayimageasexampleforsimulation.Thetwokindsofstructureelements
abovearemadeuse respectively todetect imagegranularity, andapplygranuledistribution function to
describethem.
 

(a)Linearstructureelement
 
 
(b)Squarestructureelement
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
(c)Circularstructureelement
Figure9. Imagegranularitydistributionfunction
Fromtheimagegranularitydistributionfunctionfigure(Figure9),weknowthatselectingdifferent
structureelementscandetect different size rangeofgranules, and theymakemuchdifferencebetween
quantities of reserved granules in various sizes. Compared with square structure element, circular
structure element is able to detect image granules quantity in various sizes much better. Because the
circularstructureelementismoresimilartotheshapeofthegranuleindetectedimage.Comparedwith
linearstructureelement,twodimensionalstructureelementcandetectmoregranuletypesandquantities
[7].

Firstly this paper comes to realize eliminating the noise through basic operations of gray
morphology, and we obtain better effect on restraining spots noise. Then applying morphology and
selectingtwodimensionalstructureelementcompletesthedetectionofimagegranularity,notlimitingin
thehorizontalandverticaldirections,andexpandingdetectingrange.Furtherresearchwillbepaidmore
interestonobjectsandnoiseonoriginal image,denoisingandgranularitydetectionbycombiningwith
severalbasicoperations,selectingsuitablestructureelement,adaptiveprocessingalgorithm,andsoon.

[1] P.Soille,MorphologyImageAnalysis:PrincipleandApplication,2nded.,Springer,,2002. 
[2] Xuelong, HU and Kaiyu, XU, Digital Image Processing . Beijing: Publishing House of Electronics Industry, 2006:
pp.188192.
[3] RafaelC.GonzalezandRichardE.Woods.DigitalImageProcessing,2nded.,.PrenticeHall,2002.
[4] Huangqun ZHANG, Shenglin YU, Yingang BAI. Selected Principle for Structuring Element in Image Denoising
BasedonMathematicalMorphology..JournalofDataAcquisition&Processing,:,vol.23,no.z1,pp.8183,Sept.,2008.
[5] Lihua HONG,Weihong ZHOU. A Color Image Denoising Algorithm Based onMorphology.. Journal of Yunnan
Nationcollege(Natureandscienceedition),vol.18,no.1,pp.9294,Jan,2009..
[6] Debayle J. and Pino li J C. Multiscale image filtering and segmentation by means of adaptive neighborhood
mathematicalmorphology.ProceedingsofICIP05(TheIEEEInternationalConferenceonImageProcessing),,Genova,Italy,vol.3,
pp.537540,2005.
[7] HU Xuelong, WANG Zhijian, Image Threshold Detection and Granularity Analysis Algorithm Based on FLOM,
JournalofImageandGraphics,vol.13,no.10,pp.18211824,Oct.2008.
